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METHODS OF DIAGNOSING AND TREATING CROHN'S DISEASE 
USING PSEUDOMONAS ANTIGENS 



This application is based on, and claims the 
benefit of, U.S. Provisional Application No. 60/240,347, 
5 filed October 13, 2000, and entitled Methods of Diagnosing 
and Treating Crohn's Disease Using Pseudomonas Antigens, and 
which is incorporated herein by reference. 



This application was made with government support 
under grant number DK4 67 63 awarded by the National 
10 Institutes of Health. The government has certain rights in 
the invention. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The invention relates generally to the fields of 
15 immunology, microbiology and inflammatory bowel disease and 
more specifically to the diagnosis and treatment of 
inflammatory bowel disease using Pseudomonas antigens. 



BACKGROUND INFORMATION 

20 Inflammatory bowel disease (IBD) is the collective 

term used to describe two gastrointestinal disorders of 
unknown etiology: Crohn's disease (CD) and ulcerative 
colitis (UC) . The course and prognosis of IBD, which occurs 
world-wide and is reported to afflict as many as two million 

25 people, varies widely. Onset of IBD is predominantly in 

young adulthood with diarrhea, abdominal pain, and fever the 
three most common presenting symptoms. The diarrhea may 
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range from mild to severe, and anemia and weight loss are 
additional common signs of IBD. Ten percent to fifteen 
percent of all patients with IBD will require surgery over a 
ten year period. In addition, patients with IBD are at 
5 increased risk for the development of intestinal cancer. 
Reports of an increased occurrence of psychological 
problems, including anxiety and depression, are perhaps not 
surprising symptoms of what is often a debilitating disease 
that strikes people in the prime of life. 



10 Unfortunately, the available therapies for 

inflammatory bowel disease are few, and both diagnosis and 
treatment have been hampered by a lack of knowledge 
'4 regarding the etiology of the disease. What is clear, 

however, is that a combination of genetic factors, exogenous 
15 triggers and endogenous microflora can contribute to the 
immune-mediated damage to the intestinal mucosa seen in 
inflammatory bowel disease. In Crohn's disease, bacteria 
have been implicated in initiation and progression of the 
disease: the intestinal inflammation in Crohn's disease is 
20 notable for its frequent responsiveness to antibiotics and 
susceptibility to bacterial fecal flow. Common intestinal 
colonists and novel pathogens have been implicated in 
Crohn's disease by direct detection or by disease associated 
anti-microbial immune responses. Furthermore, in many 
25 genetically susceptible animal models of chronic colitis, 
lumenal micro-organisms are a necessary cofactor for 
disease; animals housed in a germ-free environment do not 
develop colitis. However, despite much direct and indirect 
evidence for a role for enteric microorganisms in Crohn's 
30 disease, the pathogenic organisms contributing to the immune 
dysregulation seen in this disease have not been identified. 



Identification of the involved microbial species 
would provide a basis for the discovery of new antibiotics 
and other drugs for treating Crohn's disease, such drugs 
ameliorating disease by eliminating the microbial inducers 
of disease. Furthermore, identification of the involved 
microbial species would provide a basis for novel vaccines 
and for diagnosing Crohn's disease based on the presence of 
reactivity in patient sera against the identified microbial 
organisms . 

Thus, there is a need for identification of the 
microbial species that play a role in inflammatory bowel 
disease such as Crohn's disease. The present invention 
satisfies this need and provides related advantages as well. 

SUMMARY OF THE INVENTION 

The present invention provides a method of 
identifying an agent useful in treating Crohn's disease. 
This method is practiced by culturing P. fluorescens under 
conditions that support growth; contacting the P. 
fluorescens with an agent; and assaying for reduced growth 
or viability of the P. fluorescens as compared to the growth 
or viability in the absence of the agent, where the reduced 
growth or viability of the P. fluorescens indicates that the 
agent is an anti-P. fluorescens agent useful in treating 
Crohn's disease. Such an agent can be, for example, an 
antibiotic. An effective amount of an anti-P. fluorescens 
agent identified according to a method of the invention can 
be administered to an individual to prevent or treat Crohn's 
disease. The anti-P. fluorescens agent identified and 



administered can be, for example, an antibiotic or a 
combination of two or more antibiotics. 

The invention also provides a method of preventing 
or treating Crohn's disease in an individual by 
5 administering to the individual an effective amount of an 
anti-Pseudoinonas agent. Such an anti-Pseudo/nonas agent can 
be, for example, an anti-P. fluoresceins agent. If desired, 
an anti-Pseudo/nonas agent can be administered in a manner 
which is optimized for effectivity against P. fluoresceins . 

10 Anti-Pseudo/nonas agents useful for preventing or treating 
Crohn's disease include antibiotics such as 
(3-lactamase-resistant penicillin formulations, 
aminoglycosides and fluoroquinolones. In one embodiment, 
the anti-Pseudoirionas agent administered to prevent or treat 

15 Crohn's disease is the antibiotic vancomycin. If desired, 
two or more antibiotics can be administered in combination 
to prevent or treat Crohn's disease according to a method of 
the invention. 

20 Further provided by the invention is a method of 

preventing or treating Crohn's disease in an individual by 
administering to the individual an effective dose of an 
ant i-Pseudomonas vaccine. Such a vaccine can be, for 
example, an anti-P. fluoresceins vaccine. Ant i-Pseudo/nonas 

25 vaccines useful in the invention include killed whole 
Pseudomonas such as killed whole P. fluoresceins . 

In one embodiment, the ant i- Pseudomonas vaccine is 
a purified antigen. Thus, the invention additionally 
provides a method of preventing or treating Crohn' s disease 
30 in an individual by administering to the individual an 
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effective dose of a purified Pseudomonas antigen, or a 
tolerogenic fragment thereof. In a method of the invention, 
the purified Pseudomonas antigen can be, for example, a 
purified P. fluorescens antigen or a tolerogenic fragment 
5 thereof. The methods of the invention can be practiced with 
a purified P. fluorescens antigen such as pbrA, or a 
tolerogenic fragment thereof. In one embodiment, the 
methods of the invention are practiced with a purified pbrA 
antigen having the amino acid sequence SEQ ID NO: 2 or SEQ 
10 ID NO: 3, or a tolerogenic fragment of one of these 
sequences . 

A purified Pseudomonas antigen, or a tolerogenic 
fragment thereof, useful in the invention also can be PFTR, 
or a tolerogenic fragment thereof, provided that the 
fragment is not 1-2 or a fragment thereof. For example, the 
methods of the invention can be practiced with purified PFTR 
having the amino acid sequence SEQ ID NO: 5, or a 
tolerogenic fragment thereof. Additional Pseudomonas 
antigens useful in the invention include, but are not 
limited to, outer membrane proteins, toxins, 
lipopolysaccharide (LPS), exotoxin A and TonB and 
tolerogenic fragments thereof. 

Further provided by the invention is a method of 
preventing or treating Crohn' s disease in an individual by 
25 administering to the individual an agent that reduces the 
expression or activity of pbrA, thereby reducing the growth 
or viability of P. fluorescens in the individual. In one 
embodiment, such an agent reduces the expression of pbrA. 
Exemplary agents that reduce the expression of pbrA include, 
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20 
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without limitation, pbrA antisense nucleic 
and sequence-specific ribonucleases . 



acid 



molecules 



The invention additionally provides a method of 
preventing or treating Crohn's disease in an individual by 
5 administering to the individual an agent that reduces the 
expression or activity of PFTR, thereby reducing the growth 
or viability of P. fluorescens in the individual. Agents 
which reduce the expression of PFTR include PFTR antisense 
nucleic acid molecules and sequence-specific ribonucleases. 
10 Agents useful in the invention further include inhibitors of 
: *3 PFTR enzymatic function such as inhibitors of ferrodoxin 

activity, for example, competitive inhibitors of ferrodoxin 
~ 4 activity. 

€n 

ft The invention also provides a method of diagnosing 

: S 15 Crohn's disease in a individual by obtaining a sample from 

the individual; contacting the sample with pbrA, or an 

: .t t 

jj^ immunoreactive fragment thereof, under conditions suitable 

^ to form a complex of pbrA, or the immunoreactive fragment 

;M= thereof, and antibody to pbrA; and detecting the presence or 

20 absence of the complex, where the presence of the complex 
indicates that the individual has Crohn's disease. In such 
a diagnostic method of the invention, the presence or 
absence of the complex can be detected, for example, with a 
detectable secondary antibody. The methods of the invention 
25 can be practiced, for example, with pbrA having the amino 
acid sequence SEQ ID NO: 2 or SEQ ID NO: 3, or with an 
immunoreactive fragment of one of these sequences. 



The invention also provides a method of diagnosing 
Crohn's disease in a individual by obtaining a sample from 



the individual; contacting the sample with PFTR, or an 
immunoreactive fragment thereof, under conditions suitable 
to form a complex of PFTR, or the immunoreactive fragment 
thereof, and antibody to PFTR; and detecting the presence or 
5 absence of the complex, provided that the immunoreactive 
fragment is not 1-2 or a fragment thereof, where the 
presence of the complex indicates that the individual has 
Crohn's disease. In one embodiment, the presence or absence 
of the complex is detected with a detectable secondary 
10 antibody. In a further embodiment, the diagnostic method of 
the invention is practiced with PFTR having the amino acid 
3 =J sequence SEQ ID NO: 5, or* an immunoreactive fragment 

thereof. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 shows a comparison of homologous genomic 
regions in P. aeruginosa and P. fluorescens . The top of the 
figure lists predicted restriction enzyme sites and 
nucleotide numbering beginning at the 5' end of the cloned 
20 P. fluorescens sequence. Numbering of the homologous region 
of P. aeruginosa corresponds to the genomic nucleotide 
position. A direct hexamer repeat (eleven repeats) within 
PFX3 of P. fluorescens is also indicated (nucleotide 
position 2473 to 2565; AGATCAAGATCACAAGC; SEQ ID NO: 6). 



25 Figure 2 shows an alignment of pbrA-v, pbrA, pvdS 

and pfrl proteins, which are members of an iron-responsive 
gene family. The predicted pbrA sequence isolated from 
UCLA #268 ( "pbrA-v; "SEQ ID NO: 2) is shown compared to pbrA 
of P. fluorescens ("pbrA;" SEQ ID NO: 3); pvdS of P. 

30 aeruginosa ("pvdS;" SEQ ID NO: 7) and pfrl of P. putida 
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("pfrl;" SEQ ID NO: 8). A consensus sequence is shown as 
SEQ ID NO: 9. Alignment was performed with ClustalW, and 
the results displayed using genDoc. The variable region at 
the extreme C-terminus is indicated. 

5 Figure 3 shows stimulation of CD4 + T cell 

proliferation with microbial antigens. CD4 + T cells from 
C57BL/6J mice were cultured with syngeneic APCs previously 
pulsed with recombinant 1-2, PFTR f or PA2885 protein at 1 
and 5 /^g/mL. SEB (1 fzg/mL) was used as the positive 
10 control. Proliferation was assayed after 72 hours in 
triplicate cultures . 

Figures 4A and B shows the nucleotide (SEQ ID NO: 
1) and amino acid sequence (SEQ ID NO: 2) of pbrA-v isolated 
from a patient with Crohn's disease (UCLA #268). 

15 Figures 5A and B shows the nucleotide (SEQ ID NO: 

4) and amino acid sequence (SEQ ID NO: 5) of PFTR. 
Sequences in bold indicate the 2Fe-2S binding domains. The 
internal portion of PFTR, designated " x I-2,"is underlined. 

Figure 6 shows P. fluorescens genomic sequence 
20 (SEQ ID NO: 10) including the PFTR and pbrA loci. 

DETAILED DESCRIPTION OF THE INVENTION 

The pathogenesis of inflammatory bowel disease, 
although poorly understood, ultimately involves 
25 immune-mediated tissue damage. Similar to autoimmune 

disorders such as diabetes mellitus and multiple sclerosis, 
inflammatory bowel disease is associated with various 



immunologic abnormalities and can represent a process of 
immune dysfunction. However, unlike the other disorders, 
inflammatory bowel disease occurs in a mucosal site 
interfacing with the intestinal lumen, and, therefore, a 
primary immune target in inflammatory bowel disease can be 
extrinsic agent such as a chronic microbial colonist. In 
this case, the mucosal injury characteristic of inflammatory 
bowel disease is a consequence of inflammatory bystander 
damage to resident parenchymal cells. 

A microbial DNA sequence designated the "1-2" 
sequence was found preferentially in involved Crohn 7 s 
disease (CD) mucosa as compared to uninvolved mucosa. 
Specifically, the 1-2 sequence was identified as 
differentially present in mononuclear cells from the lamina 
propria in an area with ulcerations as compared to an area 
macroscopically free of disease (Sutton et al., 
Gastroenterology 119:23-31 (2000). Furthermore, PCR 
analysis of colonic samples from CD, UC and non-IBD patients 
revealed that a high 1-2 signal was more often found in 
involved CD tissue than in UC or non-IBD samples although 
the 1-2 sequence was detectable at low levels in biopsy 
tissue of the ileum in most individuals, including normal 
individuals as well as those with Crohn's disease. 

As disclosed herein, the 1-2 sequence is present 
in some but not all members of the Pseudomonadaceae (see 
Example I) . Of a variety of Pseudomonadaceae species 
assayed, P. fluoresceins contained the 1-2 sequence, and 
related sequences were found in P. aeruginosa , 
P. pseudoalcaligenes and Shewanella putrefasciens. The 
relatively high signal and specific association of 
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P. fluorescens 1-2 DNA in Crohn's disease colonic lesions, 
and the occurrence of a disease-specific host response 
evidenced by anti-I-2 antibodies, indicate that 
P. fluorescens is particularly successful as a colonist in 
5 Crohn's disease. As further disclosed herein in Example II, 
P. fluorescens but not other individual bacterial species 
can substitute for a complete mixture of intestinal 
microbiota (cecal lumenal contents) in CD4+CD45RBhi mice, 
which require enteric bacteria as a pathogenic cofactor in 
10 order to develop colitis. These results indicate that P. 
fluorescens, unlike typical intestinal microflora, can be 
:h i pathogenic in colitis-susceptible individuals. These 

yo results further indicate that vaccines and agents that 

m 

m reduce or eradicate P. fluorescens can be useful for the 

y * 

15 treatment and prevention of colitis. 



in 



Additional results disclosed herein indicate that 
the 1-2 sequence is the internal portion of the 
P. fluorescens sequence PFTR. As shown in Figure 2, 
P. fluorescens and P. aeruginosa were homologous for several 

20 open reading frames, including, in P. fluorescens , pbrA, 
which encodes an iron-regulated transcription factor. As 
shown in Figure 3, comparison of pbrA from P. fluorescens to 
homologous gene products from other microorganisms indicated 
strong conservation across the protein sequence except for a 

25 divergent carboxy-terminus (see Example III) . These results 
indicate that vaccines or therapeutics that reduce the 
expression or activity of highly conserved P. fluorescens 
gene products, such as pbrA or PFTR, can be useful in 
preventing and treating Crohn's disease. 
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As further disclosed herein, His-tagged 1-2, PFTR 
and the P. aeruginosa homologue PA2885 were assayed for the 
ability to stimulate CD4 + T cell proliferation. Following 
preincubation of the proteins with antigen-presenting cells, 
5 both 1-2 and PFTR strongly stimulated CD4+ T cell 

proliferation, while the P. aeruginosa homologue of PFTR 
(PA2885) was much less active. These results support a role 
for P. fluorescens in immune-mediated pathology. In sum, 
the results described herein make possible new methods of 
10 screening for effective Crohn's disease therapeutics, as 
well as new methods of diagnosing and ameliorating Crohn's 
disease. 

Thus, the present invention provides a method of 
Jp identifying an agent useful in treating Crohn's disease. 

?2 15 This method is practiced by culturing P. fluorescens under 

=s conditions that support growth; contacting the P. 

J~ fluorescens with an agent; and assaying for reduced growth 

iH or viability of the P. fluorescens as compared to the growth 

or viability in the absence of the agent, where the reduced 
20 growth or viability of the P. fluorescens indicates that the 
agent is an anti-P. fluorescens agent useful in treating 
Crohn's disease. Furthermore, an effective amount of an 
anti-P. fluorescens agent identified according to a method 
of the invention can be administered to an individual to 
25 prevent or treat Crohn's disease. The anti-P. fluorescens 
agent identified and administered can be, for example, an 
antibiotic or a combination of two or more antibiotics. 



As used herein, the term "agent" means a 
biological or chemical compound such as a simple or complex 



organic molecule, a peptide, a protein, an antibody, a 
lipid, a nucleic acid molecule or an oligonucleotide. 

As used herein, the term "agent useful in treating 
Crohn's disease" means an agent that reduces the severity, 
frequency, or time of onset of one or more symptoms of 
Crohn's disease. 

An agent identified by the methods of the 
invention reduces the growth or viability of P. jfluorescens, 
which, as disclosed herein, can be a factor contributing to 
development or progression of Crohn's disease. Such an 
agent is useful in treating Crohn's disease and can be a 
bacteriostatic or bacteriocidal agent such as a bacterial 
antibiotic, which is a molecule that can reduce the growth 
or viability of a bacterial species and which can be 
produced, for example/ by a microorganism or a plant. 

One skilled in the art understands that an agent 
useful in treating Crohn's disease can function by a variety 
of mechanisms, for example, by inhibiting P. fluoresceins 
protein synthesis, inhibiting P. fluorescens DNA synthesis, 
inhibiting P. fluorescens cell wall synthesis or inhibiting 
synthesis of an essential nutrient of P. fluorescens. It is 
understood that such an agent can selectively reduce the 
growth or viability of P. fluorescens or can have activity 
in reducing the growth or viability of other species of the 
Pseudomonadaceae or other microbes. One skilled in the art 
understands that, preferably, an agent useful in treating 
Crohn's disease reduces the growth or viability of P. 
fluorescens without significantly altering the growth or 
viability of mammalian cells, especially human cells. 
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Identification of P. fluorescens as the microbe 
carrying a sequence found preferentially in involved Crohn's 
disease (CD) mucosa as compared to uninvolved mucosa 
implicates this organism in the pathogenesis of Crohn's 
5 disease. Furthermore, P. fluorescens , alone, can substitute 
for a complete mixture of intestinal microbiota in 
conferring disease in colitic CD4+CD45RBhi mice, further 
evidencing the importance of this microorganism in 
initiation or progression of Crohn's disease. These results 
10 provide the basis for new methods of ameliorating Crohn's 
disease . 

==sa# 

r ij In particular, the present invention provides a 

method of preventing or treating Crohn's disease in an 
jc individual by administering to the individual an effective 

";r* 5 15 amount of an anti-Pseudo/nonas agent. Such an 

■z ant i-Pseudomonas agent can be, for example, an anti- 

Jl P. fluorescens agent. If desired, an anti-Pseudo/nonas agent 

;U can be administered in a manner which is optimized for 

;L5[ effectivity against P. fluorescens . Anti- Pseudomonas agents 

M> 20 useful for preventing or treating Crohn's disease include 

antibiotics such as (3-lactamase- resistant penicillin 
formulations, aminoglycosides and fluoroquinolones. In one 
embodiment, the anti-Pseudoinonas agent administered to 
prevent or treat Crohn' s disease is the antibiotic 
25 vancomycin. If desired, two or more antibiotics can be 
administered in combination to prevent or treat Crohn' s 
disease according to a method of the invention. 
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As used herein, the term "anti-Pseudo/nonas agent" 
means an agent that produces a detectable reduction in the 
growth or viability of one or more species of Pseudmonas . 



The term "anti-P. fluorescens agent" means an 
agent that produces a detectable reduction in the growth or 
viability of P. fluorescens . Such agents typically produce 
an in vitro as well as in vivo reduction in the growth of 
viability of P. fluorescens . An anti-P. fluorescens agent 
useful in the invention can produce, for example, at least a 
10%, 25%, 50%, 75% or 100% reduction in the growth or 
viability of P. fluorescens in an individual to whom the 
agent is administered. 

As used herein, the term "effective amount" means 
the amount of an anti-P. fluorescens agent useful for 
reducing the growth or viability of P. fluorescens in the 
individual . 

As used herein, the term "individual" means any 
animal capable of having inflammatory bowel disease, 
including a human, non-human primate, rabbit, rat or mouse. 
An individual can have one or more symptoms of ulcerative 
colitis or Crohn's disease, or can be asymptomatic or 
disease free. The term individual includes normal 
individuals that do not have inflammatory bowel disease and 
individuals that do not have ulcerative colitis or Crohn's 
disease but who are susceptible to one of these diseases. 

At least three categories of antibiotics are 
active against Pseudomonas . These categories include 
penicillin/p-lactamase-resistant formulations such as 
piperacillin-tazobactam; aminoglycosides such as amikacin; 
and fluoroquinolones such as ciprofloxacin. Antibiotics 
useful as anti-Pseudo/nonas agents in the methods of the 
invention include, for example, vancomycin, which can be 
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administered, if desired, as a two week course by 
intravenous administration. These and other antibiotics 
that reduce the growth or viability of one or more species 
of Pseudomonas are known in the art, as described, for 
5 example, in Lister et al., Pharmacotherapy 20:213S-8S (2000) 
and Yamaguchi et al., Japanese J. Antibiot. 53:387-408 
(1998). In one embodiment, a method of the invention is 
practiced by administering two or more antibiotics from two 
or more of the above three categories. 



10 It is understood that an anti-Pseudo/nonas agent 

can be a broad range antibiotic that effects the growth or 
viability of many or all species of Pseudomonas , or can be 
selective or specific. A selective anti-P. fluorescens 
antibiotic reduces the growth or viability of P. fluorescens 

15 with little or no effect on most other members of the 
Pseudomonadaceae . Such a selective anti-P. fluorescens 
antibiotic can, for example, reduce the growth or viability 
of P. fluorescens with little or no effect on P. aeruginosa . 
In one embodiment, the anti-Pseudomonas agent is 

20 administered to an individual lacking symptoms of bacterial 
infection that would generally warrant administration of an 
antibiotic. In a further embodiment, an antibiotic such as 
ciprofloxacin or vancomycin is administered to an individual 
having Crohn' s disease but lacking symptoms of bacterial 

25 infection that would generally warrant administration of an 
antibiotic. 

Further provided by the invention is a method of 
preventing or treating Crohn's disease in an individual by 
30 administering to the individual an effective dose of an 
ant i- Pseudomonas vaccine. Such a vaccine can be, for 
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example, an anti-P. fluorescens vaccine. Anti- Pseudomonas 
vaccines useful in the invention include killed whole 
Pseudomonas such as killed whole P. fluorescens . 

Pseudomonas vaccines can be, for example, whole 
5 killed cell preparations as described in Cripps et al., 
Behring Inst. Mitt. 262-8 (1997) . Outer membrane protein 
vaccines can be prepared against P. fluorescens or other 
Pseudomonadaceae , for example, as described in Lee et al., 
Vaccine 18:1952-61 (2000), and Lee et al., FEMS Immunol Med. 
10 Microbiol. 27:79-85 (2000); Knapp et al., Vaccine 17:1663-6 
(1999); and Mansouri et al., Infect. Immun. 67:1461-70 
(1999) . 

Synthetic peptides and proteins, for example, pbrA 
and PFTR and fragments thereof, as described further below, 

15 also can be used to prepare a Pseudomonas vaccine useful in 
the invention. See, for example, Cachia et al., J. Pept. 
Res. 52:289-99 (1998) and Gilleland et al., Curr. Microbiol. 
31:279-86 (1995). It is understood that an immune response 
induced by a Pseudomonas vaccine can be directed against a 

20 variety of species of the Pseudomonadaceae , or can be 

relatively specific, for example two-fold or more stronger 
against P. fluorescens than other bacterial species such as 
P. aeruginosa. Lipopolysaccharides (LPS) and toxins also 
can be useful antigenic preparations to be used in the 

25 methods of the invention. See, for example, Stanislavsky .et 
al., FEMS Immunol Med. Microbiol. 18:139-45 (1997); Lang et 
al., J. Pediatr. 127:711-7 (1995); and Cryz et al., Vaccine 
13:449-53 (1995). The use of these and other Pseudomonas 
antigens as vaccines is known in the art, as described, for 

30 example, in Stanislavsky, FEMS Microbiol. Rev. 21:243-77 
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(1997) . The sequences of Pseudomonas antigens to be used in 
a DNA vaccine, to prepare recombinant purified antigen or to 
prepare a genetically engineered cellular vaccine are known 
in the art and are disclosed herein as, for example, SEQ ID 
5 NOS: 1 to 5 (see, also, Stover et al., Nature 406:959-964). 



A cell useful in preparing an anti-Pseudomonas 
vaccine useful in the invention can be any prokaryotic or 
eukaryotic cell capable of having expressed on its cell 
surface a Pseudomonas antigen. The term cell includes live, 
10 attenuated and killed cells and encompasses primary cells, 
O normal cells, and immortalized or transformed cells. In the 

methods of the invention, a cell can be autologous, 
2* allogeneic or xenogeneic to the patient to whom the vaccine 

jr; is administered. Cellular vaccines useful in the invention 

■f^ 15 can be prepared, for example, from bacterial cells such as 

lSJ Escherichia coli, Salmonella, Listeria monocytogenes and 

Mycobacterium bovis. Such cells can be genetically modified 
it* by routine methods to express a Pseudomonas antigen or 

pi 

;Lr fragment thereof in order to produce a vaccine useful in the 

M= 20 invention. 



Transformed and non-transformed cells including 
fibroblasts, myoblasts, leukocytes, hepatocytes, endothelial 
cells and dendritic cells, and especially human cells, can 

25 be used to prepare a vaccine expressing a Pseudomonas 

antigen or immunogenic fragment thereof. Fibroblasts useful 
in the invention include autologous fibroblasts obtained 
from the individual to be vaccinated. Such primary human 
fibroblasts are readily obtained, for example, by punch 

30 biopsy of the skin, or from tissues such as lung, liver or 
bone marrow. Fibroblasts can be readily cultured and 
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propagated in vitro (Treco et al., "Fibroblast Cell Biology 
and Gene Therapy," in Chang (Ed.)/ Somatic Gene Therapy CRC 
Press, Boca Raton (1995)). 



Bacterial cells also are useful in preparing an 
5 anti-Pseudomonas vaccine. Live bacterial vaccines using, 
for example, attenuated strains of bacteria are useful in 
the invention since such live vaccines generally can confer 
a stronger, longer-lasting immune response than killed 
vaccines. Live bacterial vaccines can establish limited 
10 infections in the host that mimic the early stages of 
Q natural infection and lead to a natural immune response, and 

.up can confer extended immunity since the bacteria remain 

viable in the host for a long time. In addition, bacterial 
: £ outer membrane proteins, lipopolysaccharides (LPS) and 

15 secreted bacterial toxins are strongly immunogenic and can 
act as natural adjuvants to enhance an immune response 
against a recombinant antigen. Furthermore, such live 
bacterial vaccines are easily administered, for example, 
orally. 

20 A variety of avirulent bacterial strains have been 

developed for use as live vaccines. Bacteria useful in an 
anti-Pseudomonas vaccine include, without limitation, 
Salmonellae , Vibrio cholerae , Mycobacterium bovis (e.g. 
Bacillus Calmette-Guerin (BCG) ) , Streptococcus gordonii , 
25 Escherichia coli , shigella , lactobacillus , Listeria 

monocytogenes and Bacillus subtilis (see, for example, 
Curtiss, "Attenuated Salmonella Strains as Live Vectors for 
the Expression of Foreign Antigens," in Woodrow and Levine 
(Ed.), New Generation Vaccines Marcel Dekker, Inc. (1990); 
30 Cardenas and Clements, Clin. Microbiol. Rev. 5:328-342 
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(1992); Cirillo et al., Clin. Infect. Pis. 20:1001-1009 
(1995); Fortaine et al., Res. Microbiol. 141:907-912 (1990); 
Irvine and Restifo, Seminars in Cancer Biology 6:337-347 
(1995); and Stover et al, Nature 351:456-460 (1991)). 
5 Bacteria useful in an anti-Pseudo/nonas vaccine also include 
Shigella flexneri , Yersinia enterocolitica , bordetella 
pertussis and Staphylococcus xylosus (Ryd et al., Microbiol . 
Pathogen. 12:399-407 (1992); van Damme et al., 
Gastroenterol. 103:520-531 (1992); and Renauld-Mongenie et 
10 al., Proc. Natl. Acad. Sci., USA 93:7944-7949 (1996)). 
Yeast cells such as Saccharomyces cerevisiae also can be 
useful in anti-Pseudo/nonas vaccine, particularly in 
expressing Pseudomonas antigens that require 
post-translational modifications for activity. 

15 Salmonella cells can be useful in preparing an 

anti-Pseudojnonas vaccine to be used in a method of the 
invention. Salmonella strains with mutations in genes such 
as aroA, aroC, aroD, cya f crp r qalE, and phoP/phoQ are 
unable to sustain proliferation within mammalian cells. 

20 However, such live attenuated strains grow intracellularly 
long enough to stimulate an immune response. Attenuated 
Salmonella strains include nutritional auxotrophs such as 
those that are defective in biosynthesis of aromatic 
metabolites and that render the organism auxotrophic for 

25 PABA and 2 , 3-dihydroxybenzoate . These attenuated strains 
have mutations in the aro genes, for example, deletions in 
one or more of the aroA f aroC or aroD genes. Deletions in 
adenylate cyclase (cya) and cyclic 3 1 , 5 T -AMP receptor 
protein {crp) genes also are useful in generating attenuated 

30 Salmonella strains. Live attenuated Salmonella vaccines can 
be prepared using, for example, S. typhimurium strains such 
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as AaroA AaroD BRD509, ISP1820Z\aroC AaroD, Ty24aroC 4aroD 
and Ty2Acya Acrp (see, for example, Tacket et al., Infect . 
Immun. 60:536-541 (1992); Turner et al., Infect. Immun. 
61:5374-5380 (1993); Dunstan et al., Infect. Immun. 
5 64:2730-2736 (1996); Londono et al., Vaccine 14:545-552 

(1996)). Expression vectors for use in Salmonella include 
pKK233-2 and are well known in the art (Amann and Brosius, 
Gene 40:183-190 (1985); see, also, Anderson et al., 
"Development of Attenuated Salmonella Strains that Express 
10 Heterologous Antigens" in Robinson et al., Methods in 

Molecular Medicine: Vaccine Protocols Humana Press, Inc. 
□ Totowa, NJ) . 

Listeria monocytogenes also are bacteria useful in 
:s g preparing an ant i-Pseudo/nonas vaccine. L. monocytogenes can 

f; 15 be readily engineered to express a Pseudomonas antigen as 

.:= described, for example, in Paterson and Ikonomidis, Curr . 

Qpin. Immunol. 8:664-669 (1996)). 

lz! Lactococcus lactis also can be useful in preparing 

m an ant i-Pseudo/nonas vaccine. L. lactis is a non-pathogenic 

20 and non-colonizing bacterium useful as a vaccine delivery 
vehicle, particularly for immunization by mucosal routes. 
L. lactis strains have been produced which express 
recombinant antigen, and also optionally secrete an 
immunostimulatory cytokine, such as interleukin-2 or 
25 interleukin-6 . Intranasal immunization with recombinant L. 
lactis results in high intestinal titers of antibodies 
directed against such recombinantly expressed antigens 
(Steidler et al., Infect. Immun . 66:3183-3189 (1998)). One 
skilled in the art understands that these and other 
30 prokaryotic and eukaryotic host cells can be used to prepare 
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an anti- Pseudomonas vaccine useful in the methods of the 
invention. 



Expression vectors useful in the anti- Pseudomonas 
vaccines of the invention include prokaryotic and eukaryotic 
5 expression vectors. Such expression vectors, including 

plasmids, cosmids, and viral vectors such as bacteriophage, 
baculovirus, retrovirus and DNA virus vectors, are well 
known in the art (see, for example, Meth . Enzymol . , Vol. 
185, D.V. Goeddel, ed. (Academic Press, Inc., 1990) and 
10 Kaplitt and Loewy (Ed.), Viral Vectors: Gene Therapy and 
Q Neuroscience Applications (Academic Press, Inc., 1995)). 

Expression vectors contain the elements necessary to achieve 
'M constitutive or inducible transcription of a nucleic acid 

]g molecule encoding the desired Pseudomonas antigen. 

15 Eukaryotic expression vectors that result in high levels of 
I sustained expression, such as vectors including 

: ^ cytomegalovirus (CMV) , rous sarcoma virus (RSV) , or simian 

;l2 virus 40 (SV40) promoter/enhancer elements, are particularly 

useful in preparing an anti- Pseudomonas vaccine. 

20 An expression vector encoding a Pseudomonas 

antigen can be introduced into a cell to produce an 
anti- Pseudomonas vaccine by any of a variety of methods 
known in the art and described, for example, in Sambrook et 
al., Molecular Cloning: A Laboratory Manual , 2nd Ed, Vols 1 

25 to 3, Cold Spring Harbor Laboratory Press, New York (1989), 
and in Ausubel et al., Current Protocols in Molecular 
Biology , John Wiley and Sons, Baltimore, MD (1994). Such 
methods include, without limitation, lipofection and 
electroporation . 
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The number of vaccine cells to be administered to 
an individual according to a method of the invention is the 
number of cells that can modulate an immune response against 
Pseudomonas . Such an immune response can reduce the growth 
5 or viability of enteric Pseudomonas in the individual and 
can alleviate one or more symptoms of Crohn's disease. An 
effective number of vaccine cells to be administered can be 
determined by monitoring the Pseudomonas bacterial load in 
the individual before and after treatment, or by monitoring 
10 one or more well known parameters for monitoring the course 
of Crohn's disease. In general, a vaccine containing 
approximately 1 x 10 4 to 1 x 10 8 cells, for example, 1 x 10 7 
to 1 x 10 8 cells, is an effective dose. One skilled in the 
'4 art understands that the number of vaccine cells to be 

J 15 administered depends, for example, on the number of times 

W] the vaccine is to be administered and the level of response 

" s desired. 

I 

{7 An anti-Pseudomonas vaccine can be administered, 

m if desired, with a pharmacologically acceptable solution 

O 

£1 20 such as physiological saline or with an appropriate 

adjuvant. Numerous pharmacologically acceptable solutions 
and adjuvants useful for immunization are known within the 
art. It is recognized that the anti-Pseudo/nonas vaccine 
should be stable in such solutions or adjuvants. 



25 Vaccine administration can be accomplished by any 

of various methods including, without limitation, 
subcutaneous, intradermal, intramuscular, oral, intranasal 
and rectal administration. Immune responses are generally 
anatomically restricted, with the gastrointestinal and nasal 

30 sites containing a lymphocyte population that shares these 
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two sites for trafficking and biologic activity. In one 
embodiment, the ant i-Pseudomonas vaccine is administered to 
induce an immune response directed to the gastrointestinal 
and nasal sites. In another embodiment, the 
5 anti -Pseudomonas vaccine is administered orally, 

intranasally, or rectally. In a further embodiment, the 
anti -Pseudomonas vaccine is administered orally. In yet a 
further embodiment, the anti -Pseudomonas vaccine is 
administered intranasally. It is recognized that booster 
10 vaccines administered, for example, every several months, 

also can be useful in preventing or treating Crohn's disease 
-O according to a method of the invention. 

In one embodiment, the invention additionally 
provides a method of preventing or treating Crohn' s disease 
in an individual by administering to the individual an 
effective dose of a purified Pseudomonas antigen, or a 
tolerogenic fragment thereof. In such a method, the 
purified Pseudomonas antigen can be, for example, a purified 
P. fluorescens antigen or a tolerogenic fragment thereof. A 
purified P. fluorescens antigen useful in the invention can 
be, for example, pbrA, or a tolerogenic fragment thereof. 
Such a purified pbrA antigen can have, for example, the 
amino acid sequence SEQ ID NO: 2 or the amino acid sequence 
SEQ ID NO: 3, or a tolerogenic fragment of one of these 
sequences . 



m 
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A purified Pseudomonas antigen, or a tolerogenic 
fragment thereof, useful in an anti- Pseudomonas vaccine also 
can be PFTR, or a tolerogenic fragment thereof, provided 
30 that the fragment is not 1-2 or a fragment thereof. In such 
a method, the purified PFTR can have, for example, the amino 
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acid sequence SEQ ID NO: 5, or a tolerogenic fragment 
thereof, provided that the fragment is not 1-2 or a fragment 
thereof- Additional Pseudomonas antigens useful in the 
invention include, but are not limited to, outer membrane 
5 proteins, toxins, lipopolysaccharide (LPS), exotoxin A and 
TonB and immunogenic fragments thereof. It is understood 
that any of a variety of purified Pseudomonas antigens, 
other than the 1-2 antigen and fragments thereof, are useful 
in the methods of the invention. The 1-2 sequence is shown 
10 as the underlined portion of the PFTR sequence shown in 
Figure 5. 

The term "purified, " as used herein in reference 
to a Pseudomonas antigen, means a polypeptide that is in a 
form that is relatively free from contaminating lipids, 
polypeptides, nucleic acids or other cellular material 
normally associated with the antigen in a cell. 

;M= As used herein, the term "pbrA" means a 

IS polypeptide having substantially the same amino acid 

;M: sequence as the P. fluorescens pbrA polypeptide SEQ ID NO: 2 

20 or the P. fluorescens pbrA polypeptide SEQ ID NO: 3 shown 
in Figure 2. The pbrA-v antigen (SEQ ID NO: 2) isolated 
from patient UCLA #268, which is a polypeptide of 183 amino 
acids, is an exemplary "pbrA" antigen disclosed herein. In 
nature, pbrA is required for upregulation of gene products, 
25 including siderophores and exotoxins, and facilitates the 
iron deprivation response by acting as a sigma factor for 
transcription units bearing a 12 nucleotide PAD box, usually 
in concert with iron starvation and Fur regulatory factors. 
Furthermore, pbrA is an iron regulatory sigma factor and an 
30 important virulence factor, for example, in endocarditis 
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(Xiong et al., J. Infect. Pis. 181:1020-1026 (2000)). The 
promoters of pbrA and related genes can include a ferric 
uptake regulator (Fur) box, and can be upregulated by iron 
starvation through release of the iron-dependent Fur 
5 transcription inhibitor. 

A pbrA polypeptide can have substantially the same 
amino acid sequence as SEQ ID NO: 2 or SEQ ID NO: 3. Such a 
pbrA polypeptide can be a naturally occurring pbrA 
polypeptide such as SEQ ID NO: 2 or SEQ ID NO: 3, or a 

10 related polypeptide having substantial amino acid sequence 
similarity to one of these sequences. Such related 
polypeptides can exhibit greater sequence similarity to SEQ 
ID NO: 2 or SEQ ID NO: 3 than to homologous sigma factors 
from microbial organisms outside the Pseudomonas family and 

15 include isotype variants and homologs such as Pseudomonas 
homologs of the amino acid sequences shown as SEQ ID NOS: 2 
and 3 in Figure 2. In one embodiment, a pbrA polypeptide 
exhibits greater similarly to SEQ ID NO: 2 or SEQ ID NO: 3 
than to the P. aeruginosa protein pvdS (SEQ ID NO: 7) . As 

20 used herein, the term pbrA generally describes polypeptides 
having an amino acid sequence with greater than about 50% 
identity, preferably greater than about 60% identity, more 
preferably greater than about 70% identity, and can be a 
polypeptide having greater than about 80%, 90%, 95%, 97%, or 

25 99% amino acid sequence identity with SEQ ID NO: 2 or SEQ ID 
NO: 3, said amino acid identity determined with CLUSTALW 
using the BLOSUM 62 matrix with default parameters. 



30 



As used herein, the term "PFTR" means a 
polypeptide having substantially the same amino acid 
sequence as the P. fluorescens polypeptide (SEQ ID NO: 5) 
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shown in Figure 5. The P. fluorescens PFTR polypeptide (SEQ 
ID NO: 5) is a polypeptide of 198 amino acids sharing some 
similarity to bacterial ferrodoxins, which are proteins or 
protein domains that bind to iron-sulfur clusters and 
5 mediate electron transfer in a variety of metabolic 

reactions. Examples of ferrodoxins include Escherichia coli 
formate hydrogenylase, which has two subunits that each 
contain two 4Fe-4S f erredoxin-like domains, and the E. coli 
anaerobic glycerol-3-phosphate dehydrogenase, which contains 
10 two f erredoxin-like domains. 



O A PFTR polypeptide having substantially the same 



: Jj amino acid sequence as SEQ ID NO: 5 can be the naturally 

Nj occurring P. fluorescens PFTR polypeptide (SEQ ID NO: 5) or 

_]h a related polypeptide having substantial amino acid sequence 

: j=n 15 similarity to this sequence. Such related polypeptides 
" s exhibit greater sequence similarity to the PFTR polypeptide 

^ SEQ ID NO: 5 than to ferrodoxins outside the Pseudomonas 

■ass? 

iU, family and include isotype variants and homologs such as 

Pseudomonas homologs of the amino acid sequence shown in 

L& 20 Figure 5. As used herein, the term PFTR generally describes 

polypeptides having an amino acid sequence with greater than 
about 50% identity, preferably greater than about 60% 
identity, more preferably greater than about 70% identity, 
and can be a polypeptide having greater than about 80%, 90%, 
25 95%, 97%, or 99% amino acid sequence identity with SEQ ID 
NO: 5, said amino acid identity determined with CLUSTALW 
using the BLOSUM 62 matrix with default parameters. 
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An effective dose of a purified Pseudomonas 
antigen or a tolerogenic fragment thereof for preventing or 
treating Crohn' s disease can be administered by various 
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methods well known in the art. Oral tolerance is 
well-recognized in the art as a method of treating 
autoimmune disease (see, for example, Weiner, Hospital 
Practice , pp. 53-58 (Sept. 15, 1995)). For example, orally 
5 administered autoantigens suppress several experimental 
autoimmune models in a disease- and antigen-specific 
fashion; the diseases include experimental autoimmune 
encephalomyelitis, uveitis, and myasthenia, collagen- and 
adjuvant-induced arthritis, and diabetes in the NOD mouse 
10 (see, for example, Weiner et al., Ann. Rev. Immunol. 

12:809-837 (1994)). Furthermore, clinical trials of oral 
tolerance have produced positive results in treating 
multiple sclerosis, rheumatoid arthritis and uveitis. In 
addition, parenteral administration of a Pseudomonas 
15 antigen, or a tolerogenic fragment thereof, can be used in 
the methods of the invention, as can subcutaneous injection 
(Johnson, Ann. Neurology 36 ( suppl . ) : S115-S117 (1994)). 
Multiple smaller oral doses, or a single larger dose, can be 
administered in the methods of the invention. Such doses 
U 20 can be extrapolated, for example, from the induction of 

tolerance in animal models (see, for example, Trentham et 
al., Science 261:1727-1730 (1993)). 
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Further provided by the invention is a method of 
preventing or treating Crohn's disease in an individual by 

25 administering to the individual an agent that reduces the 
expression or activity of pbrA, thereby reducing the growth 
or viability of P. fluorescens in the individual. In one 
embodiment, such an agent reduces the expression of pbrA. 
Exemplary agents that reduce the expression of pbrA include, 

30 without limitation, pbrA antisense nucleic acid molecules 
and sequence-specific ribonucleases . 
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The invention additionally provides a method of 
preventing or treating Crohn's disease in an individual by 
administering to the individual an agent that reduces the 
expression or activity of PFTR, thereby reducing the growth 
5 or viability of P. fluorescens in the individual. Agents 
useful in the invention include agents which reduce the 
expression of PFTR such as PFTR antisense nucleic acid 
molecules and sequence-specific ribonucleases . Agents 
useful in the invention further include inhibitors of PFTR 
10 enzymatic function such as inhibitors of ferrodoxin 

activity- Such an agent can be, for example, a competitive 
inhibitor of ferrodoxin activity, or a modifier of protein 
phosphorylation (see, for example, Siegel et al., J, Biol. 
Chem. 261:16998-17003 (1986). 

An agent that reduces the expression or activity 
of pbrA also can be an antisense nucleic acid molecule that 
down-regulates pbrA expression. Such an antisense nucleic 
acid molecule can reduce mRNA translation or increase mRNA 
degradation of pbrA mRNA or the mRNA of a regulatory 
molecule that positively modulates the expression or 
activity of pbrA. In one embodiment, a method of the 
invention is' practiced with a pharmaceutical composition 
containing a pbrA antisense nucleic acid molecule. 

Similarly, an agent that reduces the expression or 
25 activity of PFTR also can be an antisense nucleic acid 
molecule that down-regulates PFTR expression. Such an 
antisense nucleic acid molecule can reduce mRNA translation 
or increase mRNA degradation of PFTR mRNA or the mRNA of a 
regulatory molecule that positively modulates the expression 
30 or activity of PFTR. In one embodiment, a method of the 
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invention is practiced with a pharmaceutical composition 
containing a PFTR antisense nucleic acid molecule. 



The term "antisense nucleic acid molecule" as used 
herein, means a nucleic acid molecule that is complementary 
5 in sequence to all or part of a molecule of messenger RNA or 
another specific RNA transcript. Thus, a pbrA antisense 
nucleic acid molecule is complementary to some or all of a 
pbrA mRNA such as SEQ ID NO: 1. Similarly, a PFTR antisense 
nucleic acid molecule is complementary to some or all of a 
10 PFTR mRNA such as SEQ ID NO: 4. An antisense nucleic acid 
molecule can be, for example, DNA or RNA, and can include 
naturally occurring nucleotides as well as synthetic 
nucleotides or other non-naturally occurring modifications 
such as modifications to the phosphate backbone that improve 
IH 15 stability. Antisense oligonucleotides, including 

phosphorothioate and other modified oligonucleotides, are 
encompassed by the term antisense nucleic acid molecule as 
used herein. 



m 



An antisense nucleic acid molecule useful in the 
20 invention can, for example, reduce mRNA translation or 

increase mRNA degradation, thereby reducing expression of 
the target mRNA such as a P. fluorescens pbrA. An antisense 
nucleic acid molecule can be perfectly complementary to the 
target nucleic acid sequence, for example, in a pbrA mRNA, 
25 or can contain one or mismatches relative to the endogenous 
nucleic acid sequence. The homology requirement for 
reduction of expression using antisense methodology can be 
determined empirically. Generally, at least about 80-90% 
nucleic acid sequence identity is present in an antisense 
30 nucleic acid molecule useful in the invention, with higher 
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nucleic acid sequence identity often used in antisense 
oligonucleotides, which can have, for example, 100% 
identity. The target sequence can be chosen, if desired, to 
have a small single-stranded region at which nucleation 
5 takes place, plus a double-stranded, helically ordered stem 
that is invaded by the antisense molecule to displace one of 
the strands (Mir and Southern, Nature Biotech. 17:788-792 
(1999) . Methods for selecting and preparing antisense 
nucleic acid molecules are well known in the art and include 
10 in silico approaches (Patzel et al. Nucl. Acids Res. 

27:4328-4334 (1999); Cheng et al., Proc. Natl. Acad. Sci. , 

« USA 93:8502-8507 (1996); Lebedeva and Stein, Ann. Rev. 

S Pharmacol. Toxicol. 41:403-419 (2001); Juliano and Yoo, 

■Cj Curr. Qpin. Mol. Ther. 2:297-303 (2000); and Cho-Chung, 

0] 15 Pharmacol. Ther. 82:437-449 (1999)). 



A pbrA antisense nucleic acid molecule can 
include, for example, at least 10 contiguous nucleotides 
complementary to the pbrA sequence shown as SEQ ID NO: 1, or 
another pbrA encoding sequence or control sequence or a 5 ' 

20 or 3 1 untranslated sequence. A pbrA antisense nucleic acid 
molecule also can include, for example, at least 10, 15, 20, 
25, 30, 35, 40, 45, 50, 100, 200, 300, 500 or more 
contiguous nucleotides complementary to SEQ ID NO: 1 or 
another pbrA encoding sequence or control sequence or a 5 1 

25 or 3 1 untranslated sequence. If desired, an antisense 
nucleic acid molecule can be complementary to the 
full-length of the target message. Similarly, a PFTR 
antisense nucleic acid molecule useful in the invention can 
include, for example, at least 10, 15, 20, 25, 30, 35, 40, 

30 45, 50, 100, 200, 300, 500 or more contiguous nucleotides 
complementary to the PFTR sequence shown as SEQ ID NO: 4 or 



31 

another PFTR encoding sequence or control sequence or a 5 1 
or 3 1 untranslated sequence. Antisense oligonucleotides 
useful in the invention, including phosphorothioate and 
other oligonucleotides with otherwise modified backbones, 
5 can have, for example, from 12 to 100 nucleotides, for 

example, from 12 to 50 or from 12 to 30 nucleotides, or from 
15 to 100, 15 to 50 or 15 to 30 nucleotides, or from 20 to 
100, 20 to 50 or 20 to 30 nucleotides complementary to pbrA 
or PFTR, for example, complementary to the pbrA sequence 

10 shown as SEQ ID NO: 1 or the PFTR sequence shown as SEQ ID 
NO: 4. Antisense oligonucleotides useful in the invention 
can have, for example, 18, 19, 20, 21, 22, 23, 24, 25, 26, 
27, 28, 29 or 30 nucleotides complementary, for example, to 
the pbrA sequence shown as SEQ ID NO: 1 or the PFTR sequence 

15 shown as SEQ ID NO: 4. 

In one embodiment, the antisense nucleic acid 
molecule is a nuclease-resistant nucleic acid molecule with 
a modified backbone such as a phosphorothiorate 
oligodeoxynucleotide, in which a sulfur atom is substituted 

20 for a nonbridging oxygen at each phosphorus. Antisense 
nucleic acid molecules useful in the invention further 
include, without limitation, mixed backbone oligonucleotides 
such as phosphorothioate oligodeoxynucleotides containing 
segments of 2 ' -O-methyloligoribonucleotides (2'-0-meRNA) or 

25 methylphosphonate oligodeoxynucleotides (me-PDNA) , which are 
more resistant to nucleases and form more stable duplexes 
with RNA than the corresponding phosphorothioate 
oligodeoxynucleotide (Cho-Chung, supra, 1999) ; and chimeric 
antisense oligonucleotides (denoted "gap-mers") containing a 

30 "central core" of several consecutive oligodeoxy-containing 
bases and 2 1 -O-alkylloligoribonucleotides (methyl or 
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methoxyethoxy ) modifications incorporated into the remaining 
bases and with the backbone composed entirely of 
phosphorothioate linkages. For example, a central core of 6 
to 8 oligodeoxyribonucleotides can be flanked by 6 to 8 
5 2 ' -O-alkylloligoribonucleotides at the 5 ! and 3 1 ends. 

While not wishing to be bound by the following, 
antisense activity can result from cleavage of the mRNA 
strand by RNase H at the site of hybridization. Thus, in 
one embodiment, the antisense nucleic acid molecule includes 

10 a backbone portion that is RNase H competent. Such 

competent backbones have phosphodiester or phosphorothioate 
linkages and deoxyribose sugar moieties. Uncharged 
backbones, for example, methylphosphonate or peptide nucleic 
acid linkages, or 2 1 -O-methylribose or another substitution 

15 at the 2' position, are not competent for cleavage by 
RNase H. 

An agent that reduces the expression or activity 
of pbrA or PFTR also can be a sequence-specific ribonuclease 
that down-regulates pbrA or PFTR expression, respectively. 

20 Such a sequence-specific ribonuclease can catalyze, for 

example, the specific cleavage of pbrA mRNA or PFTR mRNA or 
the mRNA of a regulatory molecule that positively modulates 
the expression or activity of pbrA or PFTR. In one 
embodiment, a method of the invention is practiced with a 

25 sequence-specific ribonuclease, such as a ribozyme, that 
down-regulates pbrA expression by cleaving pbrA RNA. In 
another embodiment, a method of the invention is practiced 
with a sequence-specific ribonuclease, such as a ribozyme, 
that down-regulates PFTR expression by cleaving PFTR RNA. 
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The term "sequence-specific ribonuclease, " as used 
herein, means a molecule that catalyzes the cleavage of RNA 
at a defined ribonucleotide sequence. A sequence-specific 
ribonuclease can be, for example, a ribozyme or a DNA 
5 enzyme. As used herein, the term "ribozyme" refers to a RNA 
molecule that catalyzes the cleavage of RNA at a defined 
ribonucleotide sequence . 

The specificity of ribozymes such as hammerheads 
and hairpins for a target cleavage site such as a site 
present in pbrA or PFTR is determined by base-pairing 
between the ribozyme and its RNA target. A hammerhead 
ribozyme, for example, cleaves after "UX" dinucleotides, 
where X is any ribonucleotide except guanosine, with a 
higher rate of cleavage when X is cytosine. "NUX" triplets 
generally are present in the target sequence, where N is any 
ribonucleotide, and GUC, CUC or UUC triplets are often 
present in the target RNA. Two stretches of antisense 
sequence 6-8 nucleotides long that flank the 21 nucleotide 
sequence forming the catalytic hammerhead between them are 
then designed based on the target sequence surrounding the 
third nucleotide ( M X") of the triplet. This nucleotide is 
not based paired with the ribozyme (Hauswirth and Lewin, 
Proa. Retin. Eve Res. 19:689-710 (2000); and Lewin and 
Hauswirth, Trends. Mol. Med. 7:221-228 (2001)). 

25 Hairpin ribozymes also are well known in the art 

and can be useful in preventing or treating Crohn's disease 
according to a method of the invention. Hairpin ribozymes 
have a catalytic core of about 34 nucleotides and recognize 
the sequence NNYNGUCNNNNNN, where N is any nucleotide and Y 
30 is a pyrimidine. The "NGUC" sequence is not base-paired 
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with the ribozyme. In one embodiment, a method of the 
invention is practiced with a hairpin ribozyme that 
recognizes a "NGUC" motif present, for example, in a pbrA or 
PFTR mRNA. In further embodiments, a method of the 
5 invention relies on a hairpin ribozyme having a tetraloop in 
the catalytic core rather than a 3-base loop, or a U to C 
substitution at position 39 of the catalytic core, or both 
(Hauswirth and Lewin, supra, 2000; and Lewin and Hauswirth, 
supra, 2001) . 

Target sequences, for example, in a pbrA or PFTR 
mRNA generally are selected to avoid secondary structures, 
which can interfere with the ability of a ribozyme to bind 
to the target site. Well-known structure-predicting 
algorithms can be used; in addition, potential ribozymes can 
be evaluated, if desired, for accessibility to hybridization 
with complementary sequences using, for example, a 
ribonuclease protection assay. 

:P1 

Sequence-specific ribonucleases, including 
;U ribozymes and DNA enzymes can be designed as described above 

20 and prepared by standard methods for synthesis of nucleic 
acid molecules. See, also, Ke et al . , Int. J. Oncol. 
12:1391-1396 (1998); Doherty et al., Ann. Rev. Biophys. 
Biomol. Struct. 30:457-475 (2001); Hauswirth and Lewin, 
supra, 2000; and Lewin and Hauswirth, supra, 2001. 

25 Sequence-specific ribozymes also can be identified, for 
example, by in vitro selection from pools of random 
sequences. Such methods are well known in the art, as 
described, for example, in Bartel and Szostak, 
Science 261:1411-1418 (1993), Breaker, Chem. Rev. 97:371-390 
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(1997) and Santoro and Joyce, Proc. Natl. Acad. Sci., USA 
94:4262-4266 (1997) ) . 



Where a ribozyme is to be administered to an 
individual directly, without being delivered using a viral 
5 or other vector, the ribozyme can be modified, if desired, 
to enhance stability. Modifications useful in a therapeutic 
ribozyme include, but are not limited to, blocking the 3 1 
end of the molecule and the 2' positions of pyrimidines. 
Stabilized ribozymes having half-lives of hours can be 
10 provided by repeated doses using, for example, intravenous 

Q injection. Those skilled in the art understand that a 

ribozyme also can be administered by expression in a viral 

"M gene therapy vector. For example, a DNA oligonucleotide 

encoding the ribozyme can be cloned downstream of a RNA pol 

W 15 II or RNA pol III promoter and, if desired, can be embedded 

I within the transcripts of genes such as tRNA val , U6 snRNA or 

M; the adenoviral VA1 RNA. 

fU The invention also provides a method of diagnosing 

£7 Crohn's disease in a individual by obtaining a sample from 

20 the individual; contacting the sample with a Pseudomonas 
antigen, or an immunoreactive fragment thereof, under 
conditions suitable to form a complex of the Pseudomonas 
antigen, or the immunoreactive fragment thereof, and 
antibody to the antigen; and detecting the presence or 

25 absence of the complex, where the antigen is not the 1-2 
antigen, and where presence of the complex indicates that 
the individual has Crohn's disease. In such a diagnostic 
method of the invention, the presence or absence of the 
complex can be detected, for example, with a detectable 

30 secondary antibody. 
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The invention additionally provides a method of 
diagnosing Crohn's disease in a individual by obtaining a 
sample from the individual; contacting the sample with pbrA, 
or an immunoreactive fragment thereof, under conditions 
5 suitable to form a complex of pbrA, or the immunoreactive 
fragment thereof, and antibody to pbrA; and detecting the 
presence or absence of the complex, where the presence of 
the complex indicates that the individual has Crohn's 
disease. In such a diagnostic method of the invention, the 
10 presence or absence of the complex can be detected, for 

example, with a detectable secondary antibody. In a method 
Q of the invention, the pbrA can have, for example, the amino 

"it acid sequence SEQ ID NO: 2 or SEQ ID NO: 3, or an 

SI immunoreactive fragment of one of these sequences. 

in 15 The invention also provides a method of diagnosing 

Crohn' s disease in a individual by obtaining a sample from 
the individual; contacting the sample with PFTR, or an 

■-LJ 

:fT immunoreactive fragment thereof, under conditions suitable 

:[U to form a complex of PFTR, or the immunoreactive fragment 

il 20 thereof, and antibody to PFTR; and detecting the presence or 

absence of the complex, provided that the immunoreactive 
fragment is not 1-2 or a fragment thereof, and where the 
presence of the complex indicates that the individual has 
Crohn's disease. In one embodiment, the presence or absence 
25 of the complex is detected with a detectable secondary 

antibody. In a further embodiment, the PFTR has the amino 
acid sequence SEQ ID NO: 5, or an immunoreactive fragment 
thereof . 



30 A sample useful in the diagnostic methods of the 

invention can be obtained from any biological fluid having 
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antibodies such as, for example, whole blood, serum, plasma, 
saliva, or other bodily fluid or tissue. 

A Pseudomonas antigen useful in the invention can 
be purified, partially purified or present in a whole or 
5 fractionated Pseudomonas cellular extract. If desired, for 
example, Pseudomonas , such as P. fluorescens , can be 
cultured and then pelleted and washed by repetitive 
centrif ugation and resuspension in buffer. The cultured 
bacteria can be grown to various stages of culture maturity 

10 such as early log phase, late log phase, etc. After a final 
centrif ugation, the bacterial pellet can be lysed, for 
example, by sonication; chemical methods including the use 
of ionic or non-ionic detergents, or enzymatic methods 
(lysozyme), can be used to release the intracellular 

15 components in a small volume. The cellular debris can be 
vigorously sonicated to disrupt associated intracellular 
components . 

After the bacterial components are concentrated, 
the cellular debris can be fractionated by chromatographic 

20 techniques based on, for example, molecular size, 

isoelectric point, binding properties, or other physical 
characteristics to yield a crude separation of sub-cellular 
components in groups or peaks. Although not completely 
pure, fractions containing individual partially purified 

25 preparations of the cellular components including proteins, 
saccharides and lipids, can be screened on ELISA plates. 
For example, individual (or groups of) peaks can be diluted 
and assayed for immunoreactivity against a single pool of 
sera from known Crohn's disease patients and a control pool 

30 of sera from known non-IBD patients. Substantial reactivity 
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observed in the pool of Crohn's disease sera with little or 
no reactivity in the non-IBD patient pool indicates a useful 
Pseudomonas antigen preparation. If desired, a panel of 
individual patient samples including patients confirmed with 
5 Crohn's disease, ulcerative colitis, non-IBD disease 

controls, and healthy, asymptomatic controls can be screened 
against the antigenic preparation. If necessary, fractions 
containing reactivity mixtures can be further 
sub-fractionated in the same way to identify antigenic 
10 preparations of higher purity. 

As used herein, the term "complex" is synonymous 
with "immune complex" and means an aggregate of two or more 
molecules that results from specific binding between an 
antigen, such as a protein or peptide, and an antibody. In 
the methods of the invention, a complex is formed by 
specific binding of a Pseudomonas antigen such as pbrA or 
PFTR to an antibody. 

In the methods of the invention, a complex can be 
detected with a detectable secondary antibody that has 
20 specificity for a class determining portion of the antibody 
to the Pseudomonas antigen. Such a secondary antibody can 
be, for example, an anti-IgA secondary antibody, an anti-IgG 
secondary antibody, or a combination of anti-IgA and 
anti-IgG secondary antibodies. 

25 As used herein, the term "secondary antibody" 

means an antibody or combination of antibodies, which binds 
an antibody that specifically binds a Pseudomonas antigen. 
One skilled in the art understands that, preferably, a 
secondary antibody does not compete with the antigen for 
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binding to the primary antibody. A secondary antibody can 
bind any epitope of the antibody that specifically binds the 
Pseudomonas antigen. A particularly useful secondary 
antibody is an anti-IgA or anti-IgG antibody having 
5 specificity for the class determining portion of the primary 
antibody. A useful secondary antibody is specific for the 
species from which the sample was obtained. For example, if 
human serum is the sample to be assayed, mouse anti-human 
IgA or IgG can be a useful secondary antibody. A 
10 combination of different antibodies, which can be useful in 
the methods of the invention, also is encompassed within the 
meaning of the term secondary antibody, provided that at 
least one antibody of the combination reacts with an 
antibody that specifically binds a Pseudomonas antigen. 

15 A secondary antibody useful in the invention can 

be obtained commercially or by techniques well known in the 
art. Such an antibody can be a polyclonal or monoclonal 
antibody. For example, IgG reactive polyclonal antibodies 
can be prepared using IgG or Fc fragments of IgG as an 

20 immunogen to stimulate the production of antibodies in the 
antisera of an animal such as a rabbit, goat, sheep or 
rodent, as described in Harlow and Lane, Antibodies: A 
Laboratory Manual New York: Cold Spring Harbor Laboratory 
(1988). Monoclonal secondary antibodies, which are a 

25 population of antibody molecules that contain only one 

species of idiotope capable of binding a particular antigen 
epitope, also can be produced by routine methods or obtained 
commercially. 

The term "detectable secondary antibody" means a 
30 secondary antibody, as defined above, that can be detected 
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or measured by analytical methods. Thus, the term secondary 
antibody includes an antibody labeled directly or indirectly 
with a detectable marker that can be detected or measured 
and used in a convenient assay such as an enzyme-linked 
5 immunosorbent assay, radioimmunoassay, radial 

immunodiffusion assay or Western blotting assay. A 
secondary antibody can be labeled, for example, with an 
enzyme, radioisotope, fluorochrome or chemiluminescent 
marker. In addition, a secondary antibody can be rendered 
10 detectable using a biotin-avidin linkage such that a 

detectable marker is associated with the secondary antibody. 
Q Labeling of the secondary antibody, however, should not 

impair binding of the secondary antibody to the Pseudomonas 
j* antigen. If desired, a multiple antibody system can be used 

:£ p 15 as the secondary antibody as discussed above. In such a 

system, at least one of the antibodies is capable of binding 

m 

: S the primary antibody and at least one of the antibodies can 

Jr be readily detected or measured by analytical methods. 

1!= A secondary antibody can be rendered detectable by 

;U 20 labeling with an enzyme such as horseradish peroxidase 

(HRP) , alkaline phosphatase (AP) , (3-galactosidase or urease, 
for example. A horseradish-peroxidase detection system can 
be used, for example, with the chromogenic substrate 
tetramethylbenzidine (TMB) , which yields a soluble product 
25 in the presence of hydrogen peroxide that is detectable by 
measuring absorbance at 450 nm. An alkaline phosphatase 
detection system can be used with the chromogenic substrate 
p-nitrophenyl phosphate, for example, which yields a soluble 
product readily detectable by measuring absorbance at 405 
30 nm. Similarly, a (3-galactosidase detection system can be 
used with the chromogenic substrate 
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o-nitrophenyl-p-D-galactopyranoside (ONPG) , which yields a 
soluble product detectable by measuring absorbance at 
410 nm. A urease detection system also can be used in the 
methods of the invention, for example, with a substrate such 
5 as urea-bromocresol purple (Sigma Immunochemicals, St. 

Louis, MO) . A secondary antibody can be linked to an enzyme 
by methods well known in the art (Harlow and Lane, supra, 
1988) or can be obtained from a number of commercial 
sources. For example, goat F(ab')2 anti-human IgG-alkaline 
10 phosphatase is a useful detectable secondary antibody that 
can be purchased from Jackson Immuno-Research (West Grove, 
Q PA) . 

J* A secondary antibody also can be rendered 

jg detectable by labeling with a f luorochrome . Such a 

y> 15 fluorochrome emits light of ultraviolet or visible 

: . wavelength after excitation by light or another energy 

^ source. DAPI, fluorescein, Hoechst 33258, R-phycocyanin, 

B-phycoerythrin, R-phycoerythrin, rhodamine, Texas red and 
^ lissamine, for example, are f luorochromes that can be linked 

|U 20 to a secondary antibody and used to detect the presence or 

absence of a complex in a method of the invention. In 
particular embodiments, the fluorochrome is fluorescein or 
rhodamine. Methods of conjugating and using these and other 
suitable f luorochromes are described, for example, in Van 
25 Vunakis and Langone, Methods in Enzymoloqy , Volume 74, Part 
C (1991) . A secondary antibody linked to a fluorochrome 
also can be obtained from commercial sources. For example, 
goat F(ab') 2 anti-human IgG-FITC is available from Tago 
Immunologicals (Burlingame, CA) . 
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A secondary antibody also can be labeled with a 
chemiluminescent marker. Such a chemiluminescent secondary 
antibody is convenient for sensitive, non-radioactive 
detection of a complex containing pbrA or PFTR and can be 
5 obtained commercially from various sources such as Amersham 
Lif esciences, Inc. (Arlington Heights, IL) . 

A secondary antibody further can be rendered 
detectable by labeling with a radioisotope. An iodine-125 
labeled secondary antibody is a particularly useful 
10 detectable secondary antibody (see, for example, Harlow and 
Lane, supra, 1988). 

A signal from a detectable secondary antibody can 
be analyzed, for example, using a spectrophotometer to 
detect color from a chromogenic substrate; a fluorometer to 
detect fluorescence in the presence of light of a certain 
wavelength; or a radiation counter to detect radiation, such 
as a gamma counter for detection of iodine-125. For 
detection of an enzyme-linked secondary antibody, for 
example, a quantitative analysis can be made using a 
spectrophotometer such as an EMAX Microplate Reader 
(Molecular Devices, Menlo Park, CA) in accordance with the 
manufacturer's instructions. If desired, the assays of the 
invention can be automated or performed robotically, and the 
signal from multiple samples can be detected simultaneously. 

25 The assays of the present invention can be 

forward, reverse or simultaneous as described in U.S. Patent 
No. 4,376,110, issued March 8, 1983, to David et al. In the 
forward assay, each reagent is sequentially contacted with 
the purified Pseudomonas antigen such as pbrA or PFTR. If 
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desired, separation of bound from unbound reagent can be 
performed before the addition of the next reagent. In a 
reverse assay, all reagents are pre-mixed prior to 
contacting with the Pseudomonas antigen. A modified reverse 
5 assay is described in U.S. Patent No. 4,778,751 issued 
October 18, 1988, to El Shami et al*. In a simultaneous 
assay, all reagents are separately but contemporaneously 
contacted with a Pseudomonas antigen such as pbrA or PFTR. 

Separation steps for the various assay formats 
described herein, including the removal of unbound secondary 
antibody from the complex, can be performed by methods known 
in the art (Harlow and Lane, supra, 1988) . For example, 
washing with a suitable buffer can be followed by 
filtration, aspiration or magnetic separation. If the 
Pseudomonas antigen or immunoreactive fragment thereof is 
immobilized on a particulate support, such as on 
microparticles, the particulate material can be centrifuged, 
if desired, followed by removal of wash liquid. If the 
Pseudomonas antigen or an immunoreactive fragment thereof is 
immobilized on a membrane, filter or well, a vacuum or 
liquid absorbing apparatus can be applied to the opposite 
side of the membrane, filter or well to draw the wash liquid 
away from the complex. 

As described above, immunoreactive and tolerogenic 
25 fragments of Pseudomonas antigens such as pbrA and PFTR also 
are useful in the invention. The term "immunoreactive 
fragment," as used in reference to pbrA, means a peptide or 
polypeptide portion of pbrA that has immunoreactivity as 
defined by the ability of an anti-pbrA antibody-positive 
30 sample to form a complex with the pbrA polypeptide. 
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Similarly, the term "immunoreactive fragment," as used in 
reference to PFTR, means a peptide or polypeptide portion of 
PFTR that has immunoreactivity as defined by the ability of 
an anti-PFTR antibody-positive sample to form a complex with 
5 the PFTR polypeptide. Thus, the term "immunoreactive 
fragment of pbrA" as used herein, means a peptide or 
polypeptide that has an amino acid sequence that is 
substantially the same as a portion of the amino acid 
sequence provided as SEQ ID NO: 2 or SEQ ID NO: 3 and 
10 immunoreactivity as defined by the ability to form a complex 
with an anti-pbrA antibody-positive sample such as a 
O pbrA-reactive serum sample from a Crohn's disease patient. 

.Jj Similarly, the term "immunoreactive fragment of PFTR," as 

N 1 used herein, means a peptide or polypeptide that has an 

]g 15 amino acid sequence that is substantially the same as a 

-U1 portion of the amino acid sequence provided as SEQ ID NO: 5 

^ and immunoreactivity as defined by the ability to form a 

^ complex with an anti-PFTR antibody-positive sample such as a 

s-s. PFTR-reactive serum sample from a Crohn's disease patient. 

j 

l[ t 

£T 20 In general, an immunoreactive fragment has from 

about three amino acids to the full-length of pbrA or PFTR. 
An immunoreactive fragment of pbrA or pFTR can have, for 
example, at least 5, 8, 10, 12, 15, 18, 20 or 25 amino 
acids. For example, an immunoreactive fragment of pbrA or 

25 PFTR can be from five to fifty amino acids, from eight to 
fifty amino acids, or from ten to fifty amino acids in 
length, or can be, for example, from eight to twenty amino 
acids or from ten to twenty amino acids in length, or can 
be, for example, from twelve to twenty amino acids or from 

30 fifteen to twenty amino acids in length. 
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An immunoreactive fragment of a pbrA polypeptide 
can be identified by the ability to form a complex with a 
pbrA-reactive sample, for example, a pbrA reactive CD 
patient serum sample. Similarly, an immunoreactive fragment 
5 of a PFTR polypeptide can be identified by the ability to 
form a complex with a PFTR-reactive sample, for example, a 
PFTR reactive CD patient serum sample. Assays for the 
formation of a complex between an antigen and a serum sample 
are disclosed herein and well known in the art. An ELISA 
10 assay can be particularly useful in identifying an 
immunoreactive fragment of pbrA or PFTR or another 

=f Pseudomonas antigen. 

=*y3 

^ Tolerogenic and immunoreactive fragments of 

£ Pseudomonas antigens such as pbrA or PFTR also can be useful 

;r; 15 in the methods of the invention. The term "tolerogenic 

: S fragment" means a peptide or polypeptide portion of the 

;^ polypeptide that has tolerogenic activity as defined by its 

IM* ability either alone, or in combination with another 

If molecule, to produce a decreased immunological response. 

"bis? 

M 20 Thus, a tolerogenic fragment of a pbrA polypeptide is a 

peptide or polypeptide that has substantially the same amino 
acid sequence as a portion of SEQ ID NO: 2 or SEQ ID NO: 3 
and tolerogenic activity as defined by its ability either 
alone, or in combination with another molecule, to produce a 

25 decreased immunological response. Similarly, a tolerogenic 
fragment of a PFTR polypeptide is a peptide or polypeptide 
that has substantially the same amino acid sequence as a 
portion of SEQ ID NO: 5 and tolerogenic activity as defined 
by its ability either alone, or in combination with another 

30 molecule, to produce a decreased immunological response. 
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A tolerogenic fragment can* have from about three 
amino acids to the full length of pbrA or PFTR. A 
tolerogenic fragment can have, for example, at least 5, 8, 
10, 12, 15, 18, 20 or 25 amino acids of pbrA or PFTR. For 
5 example, a tolerogenic fragment can have from five to fifty 
amino acids, from eight to fifty amino acids, or from ten to 
fifty amino acids; from eight to twenty amino acids or from 
ten to twenty amino acids; or from twelve to twenty amino 
acids or from fifteen to twenty amino acids. 

A tolerogenic fragment of a pbrA or PFTR 
polypeptide can be identified using a variety of assays, 
including in vitro assays such as T-cell proliferation or 
cytokine secretion assays and in vivo assays such as the 
induction of tolerance in murine models of inflammatory 
bowel disease. T-cell proliferation assays, for example, 
are well recognized in the art as predictive of tolerogenic 
activity (see, for example, Miyahara et al., Immunol . 
86:110-115 (1995) or Lundin et al, J. Exp. Med. 178:187-196 
(1993) ) . A T-cell proliferation assay can be performed by 
culturing T-cells with irradiated antigen-presenting cells, 
such as normal spleen cells, in microtiter wells for 3 days 
with varying concentrations of the fragment of pbrA or PFTR 
to be assayed; adding 3 H-thymidine; and measuring 
incorporation of 3 H-thymidine into DNA. In such an assay, a 
fragment of pbrA or PFTR can be tested for activity, for 
example, at concentrations of 20 pg/ml and 40 pg/ml. 

A tolerogenic fragment also can be identified 
using a T-cell cytokine secretion assay known in the art. 
For example, T cells can be cultured with irradiated 
30 antigen-presenting cells in microtiter wells with varying 
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concentrations of the fragment of interest and, after three 
days, the culture supernatants can be assayed for IL-2, IL-4 
or IFN-y as described in Czerinsky et al., Immunol. Rev. 
119:5-22 (1991) . 

Primary T-cells for use in a T-cell proliferation 
assay or cytokine secretion assay, for example, can be 
isolated from lamina propria or peripheral blood. In 
addition, a convenient source of T-cells for use in an in 
vitro assay for tolerogenic activity can be a T-cell line 
established from an IBD patient such as a Crohn's disease 
patient, from a murine model of IBD or from a healthy animal 
immunized with P. fluorescens . A preferred source of 
T-cells for use in identifying a tolerogenic fragment is a 
Crohn's disease patient. 

A T-cell line can be established from a patient 
with CD or UC, for example, by culturing T lymphocytes with 
about 1 jig /ml recombinant pbrA or PFTR, in the presence of 
low concentrations of growth-supporting IL-2 (about 10 
pg/ml) . A T-cell line can be established by culturing T 
lymphocytes with antigen-presenting cells and feeding the 
cells on an alternating four to five day cycle with either 
IL-2 and pbrA or PFTR or IL-2 alone as described in Nanda et 
al., J. Exp. Med. 176:297-302 (1992). A cell line that 
develops into a reliably proliferating cell line dependent 
on the presence of pbrA or PFTR is particularly useful in 
identifying tolerogenic fragments. The establishment of 
T-cell lines from small intestinal mucosa is described, for 
example, in Lundin et al., supra, 1993. T cell lines 
dependent upon the presence of pbrA or pFTR can be useful 
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for identifying tolerogenic fragments useful in the methods 
of the invention. 

A tolerogenic fragment of pbrA or PFTR also can be 
identified by its ability to induce tolerance in vivo, as 
5 indicated by a decreased immunological response, which can 
be a decreased T-cell response, such as a decreased 
proliferative response or cytokine secretion response as 
described above, or a decreased antibody titer to the 
antigen. A neonatal or adult mouse can be tolerized with a 

10 fragment of pbrA or PFTR, for example, and a T-cell response 
or anti-pbrA or anti-PFTR antibody titer can be assayed 
after challenging by immunization. For example, a neonatal 
mouse can be tolerized within 48 hours of birth by 
intraperitoneal administration of about 100 \iq of a fragment 

15 of pbrA or PFTR emulsified with incomplete Freund' s adjuvant 
and subsequently immunized with pbrA or PFTR at about 8 
weeks of age (see, for example, Miyahara, supra, 1995) . An 
adult mouse can be tolerized intravenously with about 0.33 
mg of a fragment of a Pseudomonas antigen such as pbrA or 

20 PFTR, administered daily for three days (total dose 1 mg) , 

and immunized one week later with pbrA or PFTR. A decreased 
T-cell response, such as decreased proliferation or cytokine 
secretion, which indicates tolerogenic activity, can be 
measured using T-cells harvested 10 days after immunization. 

25 In addition, a decreased anti-pbrA or anti-PFTR antibody 
titer, which also indicates tolerogenic activity, can be 
assayed using blood harvested 4-8 weeks after immunization. 
Methods for assaying a T-cell response or antibody titer are 
described above and are well known in the art. 
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A tolerogenic fragment also can be identified 
using a murine model of inflammatory bowel disease. 
Neonatal or adult mice having IBD-like disease can be 
tolerized with a fragment of pbrA or PFTR as described 
5 above, and the T-cell response or antibody titer assayed. A 
decreased T-cell response or decreased antibody titer to the 
antigen indicates a decreased immunological response and, 
thus, serves to identify a tolerogenic fragment of pbrA or 
PFTR. In addition, a tolerogenic fragment of pbrA or PFTR 
10 can be identified by the ability to reduce the frequency, 
time of onset or severity of colitis in a murine model of 
IBD. 

Several well-accepted murine models of 
inflammatory bowel disease can be useful in identifying a 

15 tolerogenic fragment useful in the invention. For example, 
mice with target disruption of the genes encoding the alpha 
subunit of the G-protein Gi2, are a well known model 
exhibiting features of human bowel disease (Hornquist et 
al., J. Immunol. 158:1068-1077 (1997); Rudolph et al., Nat. 

20 Genet. 10:143-150 (1995)). Mice deficient in IL-10 as 

described in Kiihn et al., Cell 75:263-274 (1993), and mice 
deficient in IL-2 as described in Sadlack et al., Cell 
75:253-261 (1993), also have colitis like disease and are 
useful in identifying a tolerogenic fragment useful in the 

25 invention. Furthermore, mice with mutations in T cell 

receptor (TCR) a, TCR p, TCR p x 5, or the class II major 
histocompatibility complex (MHC) as described in Mombaerts 
et al., Cell 75:275-282 (1993), develop inflammatory bowel 
disease and, thus, are useful in identifying a tolerogenic 

30 fragment of pbrA or PFTR. Similarly, a fragment can be 
assayed for tolerogenic activity in a SCID mouse 
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reconstituted with CD45RB CD4 + T-cells, which is a 
well-accepted model of inflammatory bowel disease, as 
described in Powrie et al., Immunity 1:553-562 (1994). 
Additional animal models of IBD also are well known in the 
5 art (see, for example, Podolsky, Acta Gastroenterol. Belcr. 
60:163-165 (1997); and Bregenholt et al., APMIS 105: 655-662 
(1997)). Thus, a tolerogenic fragment of pbrA or PFTR can 
be readily identified by an in vitro or in vivo assay 
disclosed herein or by another assay well known in the art, 

10 An immunoreactive or tolerogenic fragment can be 

^ identified by screening a large collection, or library, of 

yQ peptides of interest or random peptides for immunoreactivity 

or tolerogenic activity. For example, a panel of peptides 
Jf spanning the entire sequence of a pbrA polypeptide such as 

£; 15 SEQ ID NO: 2 or SEQ ID NO: 3, or a PFTR polypeptide such as 

* SEQ ID NO: 5, can be screened for immunoreactivity or 

tl tolerogenic activity as described above. Such a panel can 

|U be a panel of 15-mer peptides spanning SEQ ID NO: 2, SEQ ID 

NO: 3 or SEQ ID NO: 5, each overlapping by three or five 
IM* 20 residue shifts using the Mimotope cleavable pin technology 

(Cambridge Research Biochemicals, Wilmington, DE) , as 
described by Geysen et al., Science 235:1184 (1987). The 
panel is subsequently screened for immunoreactivity or 
tolerogenic activity using one of the assays described above 
25 (see, for example, Miyahara et al., supra, 1995). A library 
of peptides to be screened also can be a population of 
peptides related in amino acid sequence to SEQ ID NO: 2 but 
having one or more amino acids that differ from SEQ ID NO: 
2, or can be a library of peptides related in amino acid 
30 sequence to SEQ ID NO: 5 but having one or more amino acids 
that differ from SEQ ID NO: 5. 
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Additional peptides to be screened include, for 
example, tagged chemical libraries of peptides and 
peptidomimetic molecules. Peptide libraries also comprise 
those generated by phage display technology. Phage display 
5 technology includes the expression of peptide molecules on 
the surface of phage as well as other methodologies by which 
a protein ligand is or can be associated with the nucleic 
acid which encodes it. Methods for production of phage 
display libraries, including vectors and methods of 
10 diversifying the population of peptides which are expressed, 
are well known in the art (see, for example, Smith and 
Scott, Methods Enzvmol. 217:228-257 (1993); Scott and Smith, 
Science 249:386-390 (1990); and Huse, WO 91/07141 and WO 
91/07149) . These or other well known methods can be used to 
15 produce a phage display library which can be screened, for 
example, with one of the disclosed assays for 
immunoreactivity or tolerogenic activity. If desired, a 
population of peptides can be assayed for activity en masse. 
For example, to identify an immunoreactive fragment of pbrA, 
tjf 20 a population of peptides can be assayed for the ability to 

form a complex with a sample containing anti-pbrA 
reactivity; the active population can be subdivided and the 
assay repeated in order to isolate the immunoreactive 
fragment from the population. 

25 An immunoreactive or tolerogenic fragment also can 

be identified by screening, for example, fragments of the 
polypeptide produced by chemical or proteolytic cleavage. 
Methods for chemical and proteolytic cleavage and for 
purification of the resultant protein fragments are well 
30 known in the art (see, for example, Deutscher, Methods in 
Enzymology , Vol. 182, "Guide to Protein Purification," San 
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Diego: Academic Press, Inc. (1990)). For example, a 
chemical such as cyanogen bromide or a protease such as 
trypsin, chymotrypsin, V8 protease, endoproteinase Lys-C, 
endoproteinase Arg-C or endoproteinase Asp-N can be used to 
5 produce convenient fragments of pbrA or PFTR that can be 
screened for immunoreactivity or tolerogenic activity using 
one of the assays disclosed herein. 

A purified Pseudomonas antigen, or an 
immunoreactive or tolerogenic fragment thereof, can be 

10 produced or synthesized using methods well known in the art. 
Such methods include recombinant DNA methods and chemical 
synthesis methods for production of a peptide. Recombinant 
methods of producing a peptide or protein through expression 
of a nucleic acid sequence in a suitable host cell are well 

15 known in the art and are described, for example, in Sambrook 
et al., Molecular Cloning: A Laboratory Manual , 2nd Ed, Vols 
1 to 3, Cold Spring Harbor Laboratory Press, New York 
(1989) . The sequence of a nucleic acid molecule encoding 
pbrA and PFTR are disclosed herein as SEQ ID NOS: 1 and 4, 

20 respectively. 

Purified antigens and immunoreactive and 
tolerogenic fragments thereof also can be produced by 
chemical synthesis, for example, by the solid phase peptide 
synthesis method of Merrifield et al., J. Am. Chem. Soc . 

25 85:2149 (1964). Standard solution methods well known in the 
art also can be used to synthesize an immunoreactive or 
tolerogenic fragment useful in the invention (see, for 
example, Bodanszky, Principles of Peptide Synthesis , 
Springer-Verlag, Berlin (1984) and Bodanszky, Peptide 

30 Chemistry , Springer-Verlag, Berlin (1993) ) . A newly 
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synthesized peptide can be purified, for example, by high 
performance liquid chromatography (HPLC) , and can be 
characterized using, for example, mass spectrometry or amino 
acid sequence analysis* 

5 The following examples are intended to illustrate 

but not limit the present invention. 



EXAMPLE I 

IDENTIFICATION OF A MICROBIAL ORGANISM INVOLVED 

IN CROHN' S DISEASE 

10 This example describes identification of 

P. fluorescens as a microbial organism that can play a role 
in the etiology of Crohn's disease. 

Clinical isolates representing 14 bacterial 
species within the Pseudomonadaceae family were obtained the 

15 from UCLA Clinical Laboratories. These were screened by 

genomic PCR for the 1-2 sequence essentially as described in 
Sutton et al., Gastroenterology 119:23-28 (2000). These 
same sample were also assayed by Southern analysis of 
genomic DNA using a 300 bp probe containing nucleotides 117 

20 to 418 of the sequence shown as SEQ ID NO: 4. 



Of the 14 species assayed, four (P. Aeruginosa, P. 
pseudoalcaligenes , P. fluorescens and Shewanella 
putrefasciens) were positive by Southern analysis. Only the 
sample from P. fluorescens was positive by PCR. Sequencing 
25 of the amplified PCR product from P. fluorescens indicated 
that it was identical to the 1-2 sequence, which has been 
characterized as being preferentially present in involved 
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Crohn's disease (CD) mucosa as compared to uninvolved 
mucosa . 



These results demonstrate that the exact 1-2 gene 
exists in the P. fluorescens genome and that homologs of 1-2 
5 exist in 4 of 14 Pseudomonadaceae family members including 
PA2885 of P. aeruginosa . These results further indicate 
that P. fluorescens is a microbial organism that can play a 
role in the etiology of Crohn's disease. 



EXAMPLE II 

10 PATHOGENIC ROLE OF PSEUDOMONAS FLUORESCENS IN A MOUSE 

COLITIS MODEL 

This example demonstrates a pathogenic role for 
P. fluorescens in the CD4+CD45RBhi mouse model of colitis. 

The CD4+CD45RBhi mouse model of Crohn's disease 
15 displays a requirement for enteric bacteria as a pathogenic 
cof actor for colitis. This requirement for enteric bacteria 
is a critical feature shared with human Crohn's disease 
(Martin and- Rhodes, Curr. Opin. Infect. Pis. 13:503-509 
(2000) ) . While a complete mixture of intestinal microbiota 
20 (cecal lumenal contents) results in colitis in CD4+CD45RBhi 
mice, introduction of individual prominent bacterial species 
cannot substitute for the complete mixture and is 
ineffective at initiating disease. Thus, only particular 
bacteria, which may be minor components of the intestinal 
25 microbiota, express the traits required for inducing Crohn's 
disease in susceptible individuals. 
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P. fluoresceins was tested for the ability to act 
as a pathogenic cof actor in CD4+CD45RBhi mice. The mice 
were prepared using either CB.17scid or C57B1/6 [RAG1-/-] 
recipients, adoptively transferred with 5 X 10 6 CD4+CD45RBhi 
5 T cells from the wildtype syngenic strain, following a 

standard protocol (Aranda et al., J. Immunol. 158:3464-3473 
(1997)). In particular, 1 X 10 9 P. fluorescens were 
introduced by a single gastric gavage. Within the first 
week of bacterial administration, ten of 12 CD4+CD45RBhi 
10 mice died. In contrast, no disease was observed in any of 
12 normal control mice over a month of surveillance, even 
with further weekly bacterial administration. 



These results indicate that P. fluoresceins, unlike 
typical intestinal microflora, can be pathogenic in 
15 colitis-susceptible individuals. These results further 

indicate that vaccines and agents that reduce or eradicate 
P. fluoresceins can be useful for the treatment and 
iM* prevention of Crohn's disease. 

U EXAMPLE III 

2 0 ADDITIONAL PSEUDOMONAS ANTIGENIC TARGETS 

This example describes identification of 
Pseudomonas antigens useful in diagnosing and treating 
Crohn's disease. 

pbrA is a conserved Pseudomonas fluoresceins antigen 
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RACE cloning of PFTR flanking sequence disclosed a 
previously undefined locus in P. fluorescens; the homologous 
region in P. aeruginosa was identified by BLAST analysis, 



from the recently reported genome (Stover et al., CITATION, 
2000) . As shown in Figure 1, P. fluorescens and P. 
aeruginosa were homologous for several colinear open -reading 
frames. Cloning of the region upstream of PFTR revealed a 
hypothetical open reading frame (ORF) , which was homologous 
to a PA2886, a novel ORF in the same genomic position 
relative to PA2885 in P. aeruginosa . 

Cloning of the region downstream of PFTR disclosed 
several notable elements. A previously reported 
iron-regulated transcription factor, pbrA, was present in P. 
fluorescens (Sexton et al., Mol. Gen. Genet. 250:50-58 
(1996)). In P. aeruginosa, this genomic position was 
occupied by pvdS, a homologous iron starvation sigma factor; 
the pbrA sequence also was homologous to the pfrl gene in 
P. putida (Wilson et al., J. Bacteriol. 183:2151-2155 
(2001); Leoni et al., J. Bacteriol. 182:1481-14 91 (2000)). 
A comparison of pbrA from P. fluorescens {pbrA-v; UCLA #2 68) 
with pvdS and pfrl is shown in Figure 2. Strong 
conservation was revealed across the protein sequences, with 
the exception of a divergent C-terminal region. 

These results indicate that pbrA is a 
P. fluorescens specific protein that can be useful in 
diagnosis as well as in pharmacologic or vaccine targeting 
of P. fluorescens in Crohn's therapy. 

PFTR enzymatic function 



Sequence analysis of the pftr coding region 
identified several conserved motifs indicative of pftr 
enzymatic function. The pftr sequence was compared to the 
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Prosite database found on the ExPASy Molecular Biology 
Server. Scanning results revealed two 2Fe-2S ferredoxin 
iron-sulfur binding domains (see Figure 4), indicating that 
PFTR has ferrodoxin activity. These results indicate that 
inhibitors or agents that disrupt PFTR ferrodoxin activity 
can be used as therapeutics for treatment of Crohn's 
disease. 

The P. fluorescens protein PFTR stimulates CD4+ T-cell 
prol if era tion 

The previously identified 1-2 sequence represents 
the central portion of the P. fluorescens protein (PFTR), 
which is homologous to the P. aeruginosa homologue PA2885. 

The full-length parent protein (PFTR), and the 
P. aeruginosa homologue (PA2885) were assayed for the 
ability to stimulate CD4 + T cell proliferation. A His-tagged 
protein expression vector was used to express 1-2, PFTR, and 
PA2885, and the recombinant proteins purified by nickel 
chromatography. Each protein was preincubated with 
antigen-presenting cells, and tested for the ability to 
stimulate CD4 + T cell proliferation. As illustrated in 
Figure 3, both 1-2 and PFTR strongly stimulated CD4 + T-cell 
proliferation to a similar extent. Furthermore, the cell 
proliferation response observed with either 1-2 or PFTR was 
similar to the superantigen control (SEB) . In contrast, the 
P. aeruginosa homologue PA2885 was much less active in 
stimulating T cell proliferation. These results indicate 
that PFTR induces CD4 + T cell proliferation and that 
sequence polymorphisms between PFTR and PA2885 can define 
sequences important for this activity. 
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The 1-2 protein activates murine T cells in a 
manner indicative of a T cell superantigen (Dalwadi, 
CITATION, 2001) . Such T cell superantigens are an important 
virulence trait of certain pathogenic bacteria, due to 
5 direct and indirect tissue damage mediated by a cognately 
activated T cell population (Li et al., Annu. Rev, Immunol. 
17:435-466 (1999); Marrack and Kappler, Cell 76:323-332 
(1994)). Among species known to express T cell 
superantigens, gram-negative bacteria are notably absent, 
10 with the exception of an apparent T cell superantigen in 
Yersinia pseudotuberculosis (Abe et al., J. Clin. Invest. 
99:1823-1830 (1997)). 

These results indicate that PFTR is a member of a 
distinct structural class of T cell superantigens and that 
P. fluorescens is an unusual gram-negative intestinal 
commensal that has T-cell superantigen activity. The modest 
immunoactivity of the P. aeruginosa homologue, PA 2885, 
indicates that P. aeruginosa is unlikely to express 
significant T cell superantigen activity and further 
indicates that vaccines or therapeutic agents directed 
against P. fluorescens can be particularly useful in 
preventing or treating Crohn's disease. 

All journal article, reference, and patent 
citations provided above, in parentheses or otherwise, 
25 whether previously stated or not, are incorporated herein by 
reference . 

Although the invention has been described with 
reference to the examples above, it should be understood 
that various modifications can be made without departing 
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from the spirit of the invention. Accordingly, the 
invention is limited only by the following claims. 



